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Enhancing  maternal  antibodies  are  among  the  various  factors  currently 
thought to play a  role in protecting the mammalian  embryo from rejection by 
the  mother  (1).  Immunoglobulins  having  enhancing  or  immunosuppressive 
properties can actually be eluted from late placentae, in mice or in humans  (2- 
4).  While it is now well established that immunoglobulins are transferred from 
the mother to the fetus in the last third of pregnancy (for review see reference 5), 
little is known concerning the distribution of maternal immunoglobulins in the 
uterus and the embryo in the days after implantation. In this paper we report an 
immunoperoxidase study of such distribution in the mouse uterus and embryo 
from day 5 to 10 after fertilization. It is shown that the embryo is surrounded by 
maternal  immunoglobulins at  the  time  of implantation  and  continues to  be 
invested by immunoglobulins throughout the  period we  studied.  Trophoblast 
giant cells heavily concentrate immunoglobulins, adding support to their possi- 
ble role as an immunological filter. 
Materials  and  Methods 
Matings between inbred mice, either from the A strain or from the BTBRTF/Nev strain (wild 
type or heterozygous  for the T gene at the T/t locus) were used with similar results. The day a 
vaginal plug was found was considered  day 0 of gestation. Primiparous females were killed by 
cervical dislocation at 5, 6, 7, 8, 9, and 10 days. Capsules were dissected out of the uterus in cold 4% 
formaldehyde  (freshly prepared from  paraformaldehyde) in 0.05 M phosphate  buffer,  pH  7.4. 
Intact capsules were fixed for 24 h at 4°C with slight shaking, then washed for another 24 h in 
several changes of cold 0.1 M phosphate buffer pH 7.4. They were then embedded in polyethylene 
glycol 1,000 according to Mazurkiewicz  and Nakane (6) and cut into 5 ~m sections.  Polyethylene 
glycol was  removed in a  5%  glycerol  solution, and sections  were incubated for  1 h  at room 
temperature in sheep Fab anti-mouse immunoglobulins  labeled with peroxidase  (Institut Pasteur, 
Paris) at a concentration of 65 tLg/ml in phosphate-buffered saline pH 7.4 (PBS). 1 Sections were 
then washed in PBS and stained at pH 7.2 in diaminobenzidine  and hydrogen peroxide according 
to Mazurkiewicz  and Nakane (6) except for a final H~O2 concentration of 0.01%. 
Three  types  of controls were  used:  (a)  incubation with  PBS  alone instead of peroxidase 
conjugates. Under the conditions we used, no endogenous peroxidase  activity could be detected, 
either in the erythrocytes or in the uterine epithelium (7); (b) incubation with sheep  Fab anti- 
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human immunoglobulins labeled with peroxidase (Institut Pasteur, Paris): a faint staining was 
observed only where mouse immunoglobulin concentration was highest. Cross-reactivity between 
mouse and human immunoglobulins has been described (8); and (c) preincubation with unlabeled 
sheep  Fab  anti-mouse  immunoglobulins  (Institut  Pasteur,  Paris)  completely  blocked  further 
staining with peroxidase-labeled sheep Fab anti-mouse immunoglobulins. No inhibition could be 
observed when unlabeled normal  sheep serum  was  used instead of unlabeled sheep Fab anti- 
mouse immunoglobulins. 
Photographs were taken in the light microscope with and without phase contrast to locate the 
immunoglobulins revealed by a brown deposit. Hematoxylin counterstaining was sometimes used. 
Results 
5-Day Stage.  On day 5 the embryo is implanted. It often keeps a blastocyst- 
like  appearance  with the  abembryonic part of the trophectoderm closely at- 
tached to the uterine epithelium. It is surrounded by the uterine stroma un- 
dergoing decidualization. Uterine glands are still present at the margin of the 
capsule. 
At this stage the embryo already appears to be surrounded by immunoglobu- 
lins. At the implantation site (Fig. 1 a) the trophoblast cells in contact with the 
maternal  epithelium contain immunoglobulins in their cytoplasm. Immuno- 
globulins can also accumulate at this point, and they can sometimes be seen 
crossing the degenerating epithelial cells from the stroma. Immunoglobulins are 
also present in some other mural or polar trophectoderm cells, either as a lining 
on the surface or within the cytoplasm. The blastocoel contains immunoglobu- 
lins as well as the early endoderm. Although immunoglobulins are not visible in 
the remnant of the uterine lumen, they can be seen lining the apical edges of 
some of the intact epithelial cells. When the trophoblast cells have invaded the 
maternal tissue  a  little more,  some of them contain one or two granules of 
immunoglobulins in their cytoplasm. 
In the decidua surrounding the implantation site, few immunoglobulins are 
seen except on the basement membrane of the uterine epithelium itself. This 
contrasts with the outer part of the stroma where immunoglobulins are abun- 
dant between the cells, chiefly around and in the uterine glands. Plasma cells 
can often be seen next to the glands (Fig. 2). 
Above the implantation site, the closed uterine lumen often contains highly 
labeled free immunoglobulins and immunoglobulin-containing cells which can 
be seen crossing the epithelium. Some of  these cells look like plasma cells; others 
are round and mononuclear. Most epithelial cells are unstained. However, some 
epithelial cells of the closing uterine lumen contain immunoglobulins, either 
diffusely in the cytoplasm, sometimes in continuity with the stained basement 
membrane,  or as granules in the apices.  Some of these look as if they were 
budding  out  of the  cells.  In  the  area  of the  uterus between the  embryonic 
capsules, there are also some deposits of immunoglobulins in the lumen (Fig. 
1 b).  These are fairly close to the apices of the cells,  and it is difficult to tell 
whether they are  actual parts of the cytoplasm or part of the uterine lumen 
fluid. The stroma under the epithelium is here heavily labeled.  Most of the 
glands are filled with immunoglobulins, and plasma cells are widely present 
along the glands throughout the mucosa. In some instances, immunoglobulins 
can be seen crossing the epithelium of a gland. 
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FIG.  2.  Uterine  glands  (G)  and  stroma  at  the  margin  of the  capsule  in  a  5-day-old 
pregnant uterus.  The  lumens of the  glands contain large  amounts  of immunoglobulins 
(dark deposits). Plasma cells (arrows) are next to the glands; the stroma is infiltrated with 
immunoglobulins. (x  430; no counterstaining). 
onic and extraembryonic components. The ectoplacental cone is well differen- 
tiated, some trophoblastic giant cells can be seen, and the decidual reaction is 
increasing. The main feature at this stage is the presence of immunoglobulins in 
the  vacuolated visceral  endoderm  (Fig.  3).  All  vacuolated endodermal  cells 
contain immunoglobulins as granules in their apical cytoplasm, and sometimes 
more diffusely in the rest of the cell with occasionally a condensation around the 
nucleus. Depending upon the developmental stage reached in each individual 
FIG.  1.  (a) Junction of the trophectoderm (T) and the uterine epithelium (U) in a  5-day- 
old, just implanted,  mouse embryo.  Immunoglobulins (brown deposit)  are present in the 
trophectoderm cells at the junction as well as around the inner cell mass (arrow). They are 
also present in the blastocoel (B), in the apices of the early endoderm cells (E) and on the 
uterine epithelium basement membrane  (M)  ( ×  1360;  hematoxylin counterstaining).  (b) 
Uterine  lumen  epithelium  (U)  between  the  implantation  sites  of a  5-day-old  pregnant 
uterus.  Granules of immunoglobulins are present in the epithelial cells and in the lumen, 
either free  or within  cytoplasmic processes  (arrow).  Immunoglobulins outline the  base- 
ment membrane and are abundant in the stroma (S) ( × 540; hematoxylin counterstaining). 
(c) 7-day-old decidua. Some of the cells contain granules of immunoglobulins in their cyto- 
plasm (x 540; no counterstaining). (d) 9-day-old trophoblast giant cells. They contain large 
amounts of immunoglobulins, either as granular brown deposits or diffusely in the cyto- 
plasm. Erythrocytes are present in the adjacent capillaries as well as within the giant cells 
themselves (arrow). Reichert's membrane (R) and distal endoderm cells (e) are moderately 
stained. The decidua (D) is very faintly stained (x  1360; no counterstaining). 62  IMMUNOGLOBULINS  IN  MOUSE  EMBRYOS 
FIG.  3.  Longitudinal  section  of the  extra-embryonic area  of a  6-day-old embryo.  All 
proximal endoderm cells (E) contain granules of immunoglobulins in their apices; in some 
cells immunoglobulins are also present in the rest of  the cytoplasm and around the nucleus. 
Distal  endoderm cells  (e)  are  outlined by  immunoglobulins. Immunoglobulin granules 
(arrow)  are  also present in the capillaries and/or in the early trophoblast cells next to 
Reichert's membrane. (×  430; no counterstaining). 
embryo, immunoglobulins are present in endodermal cells all around the em- 
bryo, or, in later stages, are restricted to an area covering the extra-embryonic 
endoderm and the upper third of  the embryonic endoderm. When endoderm cells 
become flat around the tip of the embryonic ectoderm, they no longer contain 
any immunoglobulins. Some very faint staining can occasionally be observed 
between the cells deep in the ectoderm, but as a  rule the ectoderm and the 
ectoplacental cone are  absolutely devoid of any immunoglobulins. Reichert's 
membrane is slightly stained, but the luminal surface of some distal endoderm 
cells is often lined by a thick layer of immunoglobulins (Fig. 3). 
Some trophoblast cells already contain large amounts of immunoglobulins. 
They appear  as granules in the cytoplasm and sometimes concentrate in the 
perinuclear region.  However, most of the invasive trophoblast giant cells are 
negative. The positive ones are sometimes more numerous on the edges of the 
ectoplacental  cone.  The  capillaries  next  to  the  trophoblast  and  the  embryo 
sometimes contain granules of positive material (Fig. 3). This is different from 
the usual staining of immunoglobulins in the blood vessels, where they appear 
as large patches uniformly stained,  or as a  thick lining on the endothelium. 
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processes of  the developing trophoblastic cells or flee in the capillaries, they may 
correspond  to  what  are  suggested to  be  autigen-antibody complexes  in  the 
immunofluorescence studies of Voisin and Chaouat (2) in mouse placentae and 
of  Tung (9) in kidneys of  pregnant mice and guinea pigs. These granules can still 
be found at 7 days. 
The decidua surrounding the embryo is generally less stained than the outer 
part of the capsule; it contains polygonal decidual cells that are closely packed 
and surrounded by a layer of immunoglobulins between each cell; some immu- 
noglobulins are also present in the peripheral cytoplasm. In outer areas of the 
capsule,  in what may still be part of the swollen edematous uterine stroma 
undergoing decidual transformation, round cells  are  often seen  with highly 
labeled cytoplasm either with granules or with a diffuse staining. Some of these 
cells are binucleate or multinucleate. Oval cells with a  densely stained cyto- 
plasm are often present on the edges of  the capsule. Some areas of the boundary 
between trophoblast  and decidua are  heavily labeled with thick,  apparently 
acellular deposits of immunogiobulins, although this does not form a continuous 
sheath. This feature remains detectable at 7 and 8 days. 
7-Day Stage.  On the 7th day, when the primitive streak becomes apparent, 
tne overall appearance of  the distribution of  immunoglobulins is similar to the 6- 
day stage.  Vacuolated visceral endoderm cells take up immunoglobulins, but 
the rest of the embryo, the ectoplacental cone in particular, is unstained. Traces 
of immunoglobulins can occasionally be seen in the proamniotic cavity. Reich- 
ert's membrane is usually stained. More trophoblast giant cells are stained, as a 
rule, around the embryo. Some contain immunogiobulins in limited amount, 
while others may contain large quantities. Immunogiobulins appear as granules 
or diffusely in the cytoplasm, and sometimes sharply outline the nucleus. In the 
decidua the cell surfaces are coated with immunoglobulins; these can also be 
seen in the cytoplasm (Fig. 4).  Some of them also contain granules of immuno- 
globulins in their cytoplasm (Fig.  1 c); such cells can be found throughout the 
decidua but chiefly in the outer part of the capsule. 
8-Day Stage.  At 8 days the embryo is now separated into various cavities: 
amniotic  cavity,  exocoel,  and  ectoplacental  cavity.  The  yolk  sac  begins  to 
differentiate out of the visceral endoderm, and the allantois from the primitive 
streak. The embryo is now surrounded by numerous obvious trophoblastic giant 
cells. 
The fluids of the various cavities of the embryo appear to contain immuno- 
globulins:  the  edges  of the  embryonic  and  extraembryonic cells  facing the 
cavities are  outlined by  immunoglobulins and,  in  some  sections,  the  actual 
stained fluid can be seen, especially in the yolk sac cavity between the stained 
Reichert's membrane and the embryo (Fig.  5).  All the visceral yolk sac cells 
contain granules of immunoglobulins as observed earlier in the extraembryonic 
endoderm. Numerous trophoblastic giant cells now contain significant amounts 
of immunoglobulins. The decidua and the cells on the edges of the capsule keep 
the same appearance as on day 7. 
9- and lO-Day Stages.  On day 9 and 10,  the embryo is surrounded by the 
amnion and the yolk sac  membrane.  Most of the trophoblast giant cells are 
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FIG.  4.  7-day-old decidua. Each decidual cell (D) is surrounded by a layer ofimmunoglob- 
ulins.  Heavier deposits are present on  the edges of the capillaries  (arrow).  (×  430; no 
counterstaining). 
diffuse slight staining of the cytoplasm (Fig.  ld). As a  whole the trophoblast 
giant cells constitute a layer filled with immunoglobulins, although a few giant 
cells appear less stained than their immediate neighbors. Most of the giant cells 
also phagocytize erythrocytes. Reichert's membrane is usually stained,  often 
very heavily, as well as the fluid in the yolk cavity. Visceral yolk sac cells 
contain immunoglobulin granules in their apices as well as immunoglobulins 
diffusely present throughout the cell (Fig. 6). Immunoglobulins are also some- 
times present in the vitelline vessels and on the surface of some of the hemocy- 
toblasts in the yolk sac blood islands. 
The  extraembryonic  coelom  between  yolk  sac  membrane  and  amnion  is 
sometimes faintly stained, as well as the edges of  the amnion cells and the early 
epidermis of the embryo proper.  This suggests again that these structures are 
bathed in immunoglobulin-containing fluids. In the embryo the gut is the only 
organ containing notable amounts of  immunoglobulins. In cross-sections the gut 
lumen is filled with immunoglobulins (Fig. 7).  These are also present on the 
luminal part of the gut epithelial cells, very rarely as granules, usually as a 
diffuse staining; some immunoglobulins are occasionally present in the entire 
epithelial  cell  and  in  the  underlying tissue.  In  some  sections the junctions 
between yolk sac membrane and gut can be seen: immunoglobulin-containing 
yolk sac fluid seems to be '~swallowed" in the gut (Fig. 8). Sagittal sections of the 
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FIG. 5.  Longitudinal section  of  the yolk cavity of an 8-day-old  embryo.  The yolk cavity (Y) 
is filled with immunoglobulins. Visceral  yolk sac cells (E) contain immunoglobulins  in their 
apices. Reichert's membrane (R) and the edges of the distal endoderm cells (arrow) are 
stained as well. (× 430; no counterstaining). 
contrast the lung buds do not contain any immunoglobulin. The edges of the 
lumens of embryonic blood vessels are sometimes faintly outlined. 
The decidua cells show much tess  staining  compared to earlier stages,  al- 
though  most  are  still  coated  with  immunoglobulins.  In  the  forming chorio- 
allantoic placenta little staining is found as compared with the giant cells and 
the  yolk sac  around the  embryo.  A  layer of trophoblast giant  cells remains 
stained through the placenta, but the area where allantois, ectoplacental cone, 
and chorion meet is almost devoid of immunoglobulins. When chorionic villi can 
be seen, they are stained only on the maternal side, the embryonic vessels filled 
with primary blood cells being unstained. The maternal decidual cells above the 
forming placenta usually keep their intercellular coating of immunoglobulins, 
and the lumens of the maternal vessels in the placenta are positive. The new 
uterine lumen is being formed at this stage; when it can be seen on the section it 
is filled with immunoglobulins. 
Discussion 
Transmission of maternal immunoglobulins to the mouse embryo seems to 
take place at the time of implantation and during the several days that follow. 
Immediately before or at the time of implantation,  the trophectoderm of the 
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Fro.  6.  9-day-old visceral yolk sac membrane. Endoderm-derived  cells (E) contain gran- 
ules of immunoglobulins in their apices and also as a  diffuse staining of some cells. ( x  430; 
no counterstaining). 
them to the blastocoel. As the implanted blastocyst grows, immunoglobulins can 
be found in the vacuolated endoderm surrounding the egg cylinder, and then, in 
growing  amounts  in  the  trophoblastic  giant  cells  and  in  the  various  fluids 
surrounding  the  embryo.  Endoderm-derived  yolk  sac  cells  actively  take  up 
immunoglobulins from the yolk cavity, and trophoblast giant cells soon consti- 
tute a  "barrier"  filled with immunoglobulins around the embryo. 
It is very likely that most, if not all, of the immunoglobulins observed in this 
study are of maternal origin: in the mouse the first immunoglobulin-containing 
cells have been detected in the fetal liver at  12 days  (10).  It is,  however,  not 
possible to indicate what classes the observed immunoglobulins belong to: the 
reagent  used in  this  study is prepared  by immunoadsorption  on polymers of 
mouse IgG and can thus react with mouse IgG and mouse immunoglobulin light 
chains  (J.  de Saint Martin,  personal communication). 
Immunoglobulins in Pregnant Uteri.  Few morphological studies have been 
reported  on  the  distribution  of immunoglobulins  in  the  uterus  and  embryo 
during pregnancy. Immunofluorescence studies of human placenta (4,  11) have 
shown IgG to be present on the trophoblastic basement membranes both at term 
and  at  10-18 wk gestation.  In younger human  trophoblast,  however, IgG can 
also be detected as globules in the cytoplasm (12). In the 15-day mouse placenta, 
immunofluorescence  studies  show the  presence  of IgG  on  various  structures 
such as giant cells, Reichert's membrane, and the spongiotrophoblast (2); in this 
study, the amount of deposited immunoglobulins seemed to increase with multi- O.  BERNARD,  M-A,  RIPOCHE,  AND  D.  BENNETT  67 
FIO.  7.  Transverse  section  of a  10-day-old  embryonic  gut.  The  lumen  contains  large 
amounts of immunoglobulins. (×  170; no counterstaining). 
parity in hybrid matings.  In our study, primiparous females in inbred matings 
seem to produce an  already detectable and early transfer  of immunoglobulins 
although mostly outside of the chorioallantoic placenta.  Relatively early stages 
have been studied in the rat by Anderson  (13): injected 1'3q-labeled  homologous 
gamma globulins are detected in locations similar to those reported here for 9-10 
day mouse uteri. 
Additional  information  on the presence of immunoglobulins  in early embry- 
onic development can be gleaned from purely histochemical  studies.  Immuno- 
globulins are glycoproteins and thus may give a PAS-positive amylase-resistant 
staining  (14). A similarity in the distribution of PAS-positive enzyme-resistant 
material  and  immunoglobulins  in  early postimplantation  mouse embryos was 
indeed suggested by Chiquoine  (15).  His findings and those of other investiga. 
tors in mice and rats (16-19) correlate well with the data presented in this paper. 
Furthermore,  in the  16-day-old mouse placenta,  a  PAS-positive enzyme-resist- 
ant fibrinoid layer is present at the junction of trophoblast cells and decidua (20), 
a  location where heavy deposits of immunoglobulins  were sometimes observed 
in our study at earlier stages. 
Possible Mechanisms of Distribution and Transmission.  In the uterus the 
main features reported in this study are the large amounts of immunoglobulins 
and  plasma  cells present  in the  stroma  and the presence  of immunoglobulins 
between and in the decidua cells in the days after implantation. 
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FIG.  8.  Junction  between  the  hindgut  (HG)  and  the  yolk  cavity  (Y)  in  a  10-day-old 
embryo. (a): under phase contrast, showing a portion of neural tube (N), notochord (n), and 
a somite (s). (b): without phase contrast, immunoglobulins are abundant in the gut which 
communicates with the yolk cavity. Visceral yolk sac cells (E) contain immunoglobulins in 
their apices. Reichert's membrane (arrow) is heavily stained. Some staining also occurs in 
the exocoelom (EC).  (×  170; no counterstaining). 
gestation  in  the  mouse  has  already been  reported  (16, 21). Several  results 
suggest that there  may be  a  hormone-dependent regulation  of immune cell 
stimulation and migration during the estrous cycle and pregnancy (22-25). Such 
a  programmed mechanism may be responsible for plasma cell invasion of the 
uterine stroma at the time of implantation. Besides the probable secretion of 
immunoglobulins by the plasma cells into the stroma or into the uterine glands, 
circulating  immunoglobulins may be  delivered  directly to  the  stroma  from 
uterine  blood  vessels.  An  increased  permeability of these  vessels  has  been 
indeed shown at the time of implantation in the rat (26). 
In the decidua the presence of clearly detectable amounts of immunoglobulins 
between the cells and in their cytoplasm may reflect the use of immunoglobulins 
as a means of nutrition by the rapidly dividing and growing decidua cells. One 
cannot, however, reject the idea that such a coating may also have an immuno- 
logical significance, namely to act in some way to protect maternal tissue from 
excessive agression by trophoblast. 
Mechanisms  by  which  maternal  immunoglobulins are  transmitted to  the 
early embryo can be suggested by previous studies dealing with free blastocysts 
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it is likely that the mechanisms of transfer are similar to the ones occurring in 
the free blastocyst. Immunoglobulins in the uterine lumen are probably coming 
from the uterine glands and may also cross the uterine luminal epithelium 
directly. Some of  the immunoglobulins which can be seen in the cytoplasm of  the 
uterine epithelium cells (Fig.  l a) may however be in the process of being re- 
sorbed: increased resorptive activity of the epithelium towards exogenous pro- 
teins injected into the lumen has indeed been shown in the rat before implanta- 
tion (7). 
At the implantation site proper,  immunoglobulins are present in some tro- 
phectoderm cells, even sometimes in those that are not closely associated with 
maternal tissue (Fig. 1 b). Trophectoderm uptake of immunoglobulins may thus 
occur from the uterine fluid: the mouse zona pellucida is permeable to immuno- 
globulins (27), and trophectoderm cells before implantation possess phagocytic 
and pinocytic properties (28, 29). One cannot rule out, however, that at the site 
of contact between trophectoderm and uterine epithelium, the displacement of 
the epithelial cells (30) may allow the trophoblast cells to reach a capillary or the 
nearby stroma which contains large amounts of immunoglobulins. 
Some immunoglobulins are likely to be able to cross the trophectoderm, reach 
the blastocoel, and be picked up at the blastocoelic pole of  the endoderm cells. It 
is  known  that  several  proteins  migrating  in  the  gamma  globulin  zone  in 
electrophoresis are present in the rabbit blastocoel (31), and protein markers can 
be transferred via rabbit and rat trophectoderm to the blastocoel where they are 
taken up by endoderm cells (29, 32). Such a mechanism is very likely to account 
also for the presence of immunoglobulins in the proximal endoderm cells in 6- 
and 7-day-old mouse embryos. 
In the days after implantation the proximal endoderm or endoderm-derived 
yolk sac cells contain significant amounts of immunoglobulins. The mechanisms 
of transfer of several proteins through the visceral yolk sac have been the object 
of extensive studies at later stages of pregnancy in mammals (for review see 
reference  33)  and  are  probably  similar  to  the  mechanisms used  to  transfer 
immunoglobulins at the  early stages  studied in this report.  Briefly, protein 
markers appear to first come into close contact with the microvillous membrane 
of  the endoderm cell and are then taken into vesicles by endo or micropinocytosis 
at the apex of the cell; some of  the markers can subsequently be seen at the base 
of the cell, and presumably cross the basement membrane, since they can be 
found in the vitelline vessels endothelium and in the macrophages present in 
the vessels. Only a  small fraction of homologous gamma globulins reaches the 
fetal circulation when  injected into the  pregnant rabbit  uterine cavity  (34). 
Furthermore, the integrity of the Fc portion of immunoglobulin molecules is 
essential for the transfer of immunoglobulins to the fetus (5). In the 24-day-old 
pregnant rabbit, some homologous IgG is bound to the glycocalyx of the visceral 
yolk sac endoderm cells and engulfed by micropinocytosis, while others remain 
free in the vesicles lumen (35). According to Brambell's hypothesis (5), only the 
immunoglobulins bound to visceral yolk sac cell membranes through Fc recep- 
tors are protected against degradation by lysosomal enzymes when transported 
in the cell. IgG from various species can be recovered in the 24-day rabbit fetal 
circulation after injection into the uterine cavity (36). Their rates of transmis- 
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species; bovine IgG is almost not transmitted at all. Consistent with Brambelrs 
hypothesis bovine IgG does not bind to purified plasma membrane vesicles of 
rabbit visceral yolk sac, while homologous IgG does (37). Presumably, depend- 
ing upon their degree of binding to rabbit yolk sac Fc receptors, IgGs of other 
species are degraded to a variable extent, thus accounting for their various rates 
of transmission. It is likely that a  similar mechanism occurs in the mouse: Fc 
receptors binding human and rabbit immunoglobulins as well as homologous 
mouse  immunoglobulins have  been  detected  on  the  mouse  15  day yolk sac 
visceral endoderm by EA rosette formation (38). It is quite possible that such 
receptors also exist on the endoderm of mouse embryos at the earlier stages that 
we have studied, and that similar mechanisms of IgG uptake and transmission 
account for the presence of immunoglobulins in the various embryonic cavities 
as early as 7 and 8 days. 
Trophoblast  giant  cells  may pick  up  immunoglobulins from  the  adjacent 
maternal capillaries as they phagocytize erythrocytes and other maternal blood 
components (39). However, they may also bind immunoglobulins through mem- 
brane  Fc receptors.  Fc receptor-bearing cells are  present  in both mouse and 
human placenta (38, 40). It is not known whether some of the immunoglobulins 
present in the giant cells are degraded, although the latter contain the neces- 
sary lysosomal enzymes (19). Trophoblast giant cells are probably transferring 
at  least  part  of the  immunoglobulins they contain  into  the  yolk cavity as 
suggested by studies with protein markers (41-44). 
In the embryo proper, at 9-10 days, immunoglobulins are present in the early 
embryonic gut. They probably reach it directly through the yolk cavity as seen 
in Fig. 8. 
Immunoglobulins are  present  in  the  vitelline  vessels  at  9  days.  This  is 
consistent with the mechanism of transmission at later stages, but the staining 
of the membrane of some hemocytoblasts is not clearly understood. Since the 
methods used in this study did not detect any endogenous peroxidase and no 
intracellular staining was  obvious,  it  seems  most likely that  some  of these 
hemocytoblasts are able to bind immunoglobulins on their surface. As stated 
earlier, immunoglobulin-containing  cells have been described only at 12 days in 
the mouse fetal liver (10), although in the 9-10  day yolk sac cells are present 
which,  when transferred into thymectomized and irradiated mice of another 
strain,  are  able  to  produce  IgG  specific  for  their  own  strain  (45). Various 
different cell types can be found in the 10-day mouse vitelline vessels, and many 
lymphoid cells are present  (46). It may be that some of these possess surface 
receptors for maternal immunoglobulins. 
Possible  Roles  of Maternal  Immunoglobulins.  A  few  hypotheses  can  be 
presented to account for the role of such an early transmission of immunoglobu- 
lins from the mother to the embryo, as described in this paper. This transfer is 
clearly detectable in significant amounts in the days immediately after implan- 
tation,  and  it  occurs  in  primiparous  and  inbred  matings,  where,  as  far  as 
transplantation antigens are concerned, the embryo and the mother should not 
differ.  Furthermore,  it  is  unlikely that,  at these  early stages,  a  significant 
amount of the antibodies detected here could be elicited by the presence of the 
embryo. Maternal immunoglobulins as well as other maternal serum proteins 
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immunoglobulins may thus be detected here simply as markers of the transfer of 
maternal  serum  proteins.  The  role  of the  trophoblast  giant  cells  and  of the 
visceral endoderm in the nutrition of the mouse embryo was suggested long ago 
(47). 
However, such  an  early and intimate  presence of immunoglobulins  around 
the embryo, in the trophoblastic giant cells and in all cavities and membranes of 
the embryo, could be of immunological significance.  For the reasons mentioned 
above, it is unlikely that  these antibodies  are elicited by the presence of the 
embryo.  However, naturally  occurring  antibodies directed  against  embryonic 
antigens  or  cross-reacting  with  embryonic  components  could  be  part  of the 
immunoglobulins  detected  in  our  study.  High  levels  of naturally  occurring 
autoantibodies  directed  against  F9,  a  line  of embryonal  carcinoma  cells,  are 
present in various strains of mice (48). Antibodies of that kind may be present in 
the trophoblast giant cells and around the embryo. These naturally occurring 
autoantibodies could be potentially harmful to the embryo. If this is the case, 
our results indicate that several lines of defense against maternal immunoglob- 
ulins are present,  the first one being trophoblast giant cells. Selective destruc- 
tion  in  the  trophoblast  of possibly harmful  antibodies  directed  against  fetal 
antigens  has  been  suggested  by Morisada  et  al.  (49).  Our  results  show that 
maternal  antibodies are indeed present in early mouse trophoblast giant cells, 
and that they exist in two forms, globular and diffuse, in the cytoplasm. One of 
these forms might correspond to harmful antigen-antibody complexes which will 
be degraded by proteolytic enzymes as suggested by Morisada et al., while the 
others  are  protected and  transmitted  to the yolk cavity.  A  similar  control  of 
potentially harmful  antibodies might occur at the visceral yolk sac and/or gut 
level for the  antibodies  having  crossed the  trophoblast  and  Reichert's  mem- 
brane. 
On the other hand, since cytotoxic activity of antibody in the mouse is not well 
demonstrated in vivo, the naturally occurring antibodies may have a  blocking 
role similar to the one supposed to occur in hybrid matings  (2,  50).  In hybrid 
matings,  postimplantation  embryonic sacs can clearly be immunogenic to the 
mother (51,  52); although the exact antigenic status of the surrounding tropho- 
blast is not yet clearly established (52-57), even within inbred matings, placenta 
or trophoblast  cells may express stage or tissue-specific antigens  which could 
elicit an immune response from the mother after one or two pregnancies (58, 59). 
Enhancing  factors able to prevent the killing  of embryonic cells by sensitized 
lymphocytes are present in the sera of female mice when they are pregnant by 
males of the strain used for sensitizing the effector cells (50). In the human, the 
IgG fraction of sera from pregnant  women has been claimed to protect tropho- 
blast cells from lysis by maternal leukocytes (60).  Enhancing antibodies might 
contribute to protecting the embryo by masking antigenic sites which could be 
the  target  of cytotoxic reactions  from  the  mother  in  a  way  similar  to  that 
possibly occurring  in tumor-bearing  animals  (61).  If some maternal  immuno- 
globulins actually provide enhancing  effects in normal pregnancies,  and if the 
results  described  in  this  paper  apply  to  hybrid  matings  as  well,  the  early 
transport  of immunoglobulins  from the mother to the embryo would give the 
enhancing antibody population access to the embryonic antigens. On the surface 
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ized, thus providing an antigenic modulation as hypothesized by Allison (62). 
Alternatively, since part of  the binding of antibodies may be due to Fc receptors, 
it is  quite possible  that  circulating antibodies and/or antigen-antibody com- 
plexes are bound to the membrane and prevent recognition of nearby antigenic 
sites by a nonspecific sterical masking. 
Embryos homozygous for t w73, a recessive lethal gene at the Tit locus, fail to 
grow beyond the 6-day stage  and die a  few days later without developing a 
normally invasive trophoblast (63). Studies are in progress to test whether their 
failure to thrive is in some way related to an abnormality in the transfer of 
nutritive serum proteins or a lack of immunoglobulin protection. 
In conclusion, the distribution of maternal immunoglobulins as presented in 
our study may have various meanings: (a) it may simply be the reflection of the 
transfer of maternal serum proteins as a means of nutrition for the embryo; (b) 
nonspecific binding of serum immunoglobulins and/or antigen-antibody com- 
plexes through Fc receptors could mask antigens at the surface of the tropho- 
blast  cell;  (c)  trophoblast  cells  may ingest  and degrade potentially harmful 
antibodies; and (d) lastly, in hybrid matings enhancing antibodies could gain 
access to the foreign antigenic sites on the trophoblast and in the embryo proper. 
Summary 
The  distribution  of maternal  immunoglobulins in  the  mouse  uterus  and 
embryo in the days after implantation has been studied on sections incubated 
with sheep Fab anti-mouse immunoglobulins labeled with peroxidase. At the 
time of implantation the blastocyst is already surrounded by immunoglobulins 
that  are  also  present  in  the  blastocoel  and  early endoderm;  uterine  glands 
contain large amounts of immunoglobulins. Later, immunoglobulins are con- 
centrated  in  the  vacuolated  endoderm,  then  the  visceral  yolk  sac  and  the 
embryonic gut.  They are  also present in the various cavities of the embryo. 
Trophoblast cells progressively contain increasing amounts of immunoglobu- 
lins. In the decidua, immunoglobulins  coat the cells and also occasionally appear 
as cytoplasmic granules. The early presence of maternal immunoglobulins may 
represent the transfer of serum proteins as a means of nutrition for the embryo. 
It is also very likely to have an immunological significance in the protection of 
the embryo. 
We are grateful to Dr. E. A. Boyse  and Dr. B. D. Shur for their comments and advice on the 
manuscript. 
Received for publication 20 August 1976. 
References 
1.  Scott, J. R., and A. A. Beer.  1976. Immunologic aspects of pre-eclampsia. Am. J. 
Obstet. Gynecol.  125:418. 
2.  Voisin,  G.  A.,  and  G.  Chaouat.  1974. Demonstration,  nature  and  properties  of 
maternal antibodies  fixed on placenta and directed  against paternal antigens. J. 
Reprod. Fertil. 21(Suppl.):89. 
3.  Bonneau, M., M. Latour, J. P. Revillard, M. Robert, and J. Traeger.  1973. Blocking 
antibodies eluted from human placenta.  Transplant. Proc.  5:589. 
4.  Faulk, W. P., M. Jeannet, W. D. Creighton, and A. Carbonara.  1974. Immunological O.  BERNARD  9  M-A.  RIPOCHE~  AND  D.  BENNETT  73 
studies of the human placenta. Characterization of immunoglobulins on trophoblas- 
tic basement membranes. J. Clin. Invest.  54:1011. 
5.  Brambell,  F.  W.  R.  1970. The transmission of passive  immunity from mother to 
young. In  Frontiers of Biology. North-Holland Publishing Company, Amsterdam. 
Volume 18. 
6.  Mazurkiewicz, J. E., and P. K. Nakane. 1972. Light and electron microscopic locali- 
zation of antigens in tissues  embedded in  polyethylene glycol with a  peroxidase- 
labeled antibody method. J. Histochem. Cytochem. 20:969. 
7.  Enders, A. C., and D. M. Nelson. 1973. Pinocytic activity in the uterus of  the rat. Am. 
J. Anat.  138:277. 
8.  Ruffilli, A., and C. Baglioni. 1970. Reactivity of inbred mouse sera with antisera to 
the variable region of light chains. Nature (Lond.). 288:1048. 
9.  Tung,  K.  S.  K.  1974. Immune complex  in  the  renal  glomerulus  during  normal 
pregnancy. A study in the guinea pig and the mouse. J. Immunol.  112:186. 
10.  Raft, M. C., M. Megson, J. J. T. Owen, and M. D. Cooper.  1976. Early production of 
intracellular IgM by B-lymphocyte precursors in mouse. Nature (Lond.). 259:224. 
11.  McCormick, J. N., W. P. Faulk, H. Fox, and H. H. Fudenberg. 1971. Immunohisto- 
logical and elution studies of the human placenta. J. Exp. Med.  133:1. 
12.  Loke,  Y.  W.  1975. In discussion of Faulk,  W.  P.,  P.  Trenchev, J.  Dorling, and J. 
Holborow: antigens on post-implantation placentae. In  Immunobiology of Tropho- 
blast.  R.  G.  Edwards,  C.  W.  S.  Howe,  and  M.  H.  Johnson,  editors.  Cambridge 
University Press, Lond. 129. 
13.  Anderson, J. W. 1959. The placental barrier to gamma globulins in the rat. Am. J. 
Anat.  104:403. 
14.  Pearse,  A. G.  E.  1960. Histochemistry theoretical and applied.  2nd edition,  Little, 
Brown and Company, Boston. 235. 
15.  Chiquoine, A. D.  1958. The distribution of polysaccharides during gastrulation and 
embryogenesis in the mouse embryo. Anat. Rec.  129:495. 
16.  Smith,  L. J.  1966. Metrial gland and other glycogen containing cells in the mouse 
uterus  following mating and  through implantation  of the embryo. Am. J. Anat. 
119:15. 
17.  Finn, C. A., and J. R. Hinchliffe. 1965. Histological and histochemical analysis of the 
formation of implantation chambers in the mouse uterus. J. Reprod. Fertil. 9:301. 
18.  Calarco, P.  G.,  and F.  H.  Moyer.  1966. Structural changes in the murine yolk sac 
during gestation: cytochemical and electron microscope observations. J. Morphol. 
119:341. 
19.  Deane,  H.  W.,  B.  L.  Rubin,  E.  C.  Driks,  B.  L.  Lobel,  and  G.  Leipsner.  1962. 
Trophoblastic giant cells in placentas of rats and mice and their probable role in 
steroid-hormone production. Endocrinology.  70:407. 
20.  Kirby, D. R. S.,  W. D. Billington, S. Bradbury, and D. J. Goldstein.  1964. Antigen 
barrier of the mouse placenta. Nature (Lond.). 204:548. 
21.  Potts, D. M. 1968. The ultrastructure of implantation in the mouse. J. Anat. 103:77. 
22.  Marshall, A. M. E., K. V. Swettenham, B. Vernon-Roberts, and P. A. Revell. 1971. 
Studies on the function of the Kurloffcell. Int. Arch. AllergyAppl. Immunol. 40:137. 
23.  Padyluka, H. A. 1976. Cellular mechanisms involved in cyclic stromal renewal of the 
uterus. III. Cells of the immune response. Anat. Rec.  184:49. 
24.  Bjersing,  L.,  and N.  E.  Borglin.  1964. Effect of hormones on incidence of uterine 
eosinophilia in rats. Acta Pathol. Microbiol. Scand.  60:27. 
25.  Kenny, J.  F.,  P.  O.  Pangburn,  and G.  Trail.  1976. Effect of estradiol  on immune 
competence: in vivo and in vitro studies. Infect. Immun.  13:448. 
26.  Psychoyos, A. 1960. La r6action d6ciduale est pr6c6d6e de modifications pr6coces de la 
perm6abilit6 capillaire de l'ut~rus. C. R. Soc. Biol.  (Paris). 154:1384. 74  IMMUNOGLOBULINS  IN  MOUSE  EMBRYOS 
27.  Sellens, M. H., and E. J. Jenkinson. 1975. Permeability of the mouse zona pellucida 
to immunoglobulin. J. Reprod. Fertil. 42:153. 
28.  Gardner,  R.  L.  1975. Origins and  properties of trophoblast. In  Immunobiology of 
Trophoblast. R. G. Edwards, C. W. S. Howe, and M. H. Johnson, editors. Cambridge 
University Press, London. 43. 
29.  Schlafke, S., and A. C. Enders. 1973. Protein uptake by rat preimplantation stages. 
Anat. Rec.  175:539. 
30.  Schlafke, S.,  and A. C. Enders.  1975. Cellular basis of interaction between tropho- 
blast and uterus at implantation. Biol. Reprod.  12:41. 
31.  Hamana, K., and E.  S. E.  Hafez. 1970. Disc electrophoretic patterns of uteroglobin 
and serum proteins in rabbit blastocoelic fluid. J. Reprod. Fertil. 21:555. 
32.  Hastings,  R.  A.,  II, and A.  C.  Enders.  1974. Uptake of exogenous protein by the 
preimplantation rabbit. Anat. Rec.  179:311. 
33.  Wild, A. E.  1973. Transport of immunoglobulins and other proteins from mother to 
young. In Lysosomes in Biology and Pathology. J. T. Dingle, editor. North Holland, 
Amsterdam. Volume 3. 
34.  Hemmings, W. A. 1956. Protein selection in the yolk sac splanchnopleur of  the rabbit: 
the distribution of isotope following injection of lalI-labeled  serum globulin into the 
uterine cavity. Proc. R. Soc. Lond. B. Biol. Sci.  145:186. 
35.  Sonoda, S., T.  Shigematsu, and M. Schlamowitz. 1973. Binding and vesiculation of 
rabbit IgG by rabbit yolk sac membrane. J. Immunol.  110:1682. 
36.  Brambell, F.  W. R.  1966. The transmission of immunity from mother to young and 
the catabolism of immunoglobulins. Lancet. 2:1087. 
37.  Schlamowitz, M.,  K. Hillman, B. Lichtiger, and M. J. Ahearn. 1975. Preparation of 
IgG-binding membrane vesicles from the microvillar brush border of the fetal rabbit 
yolk sac. J. Immunol.  115:296. 
38.  Elson,  J.,  E.  J.  Jenkinson,  and  W.  D.  Billington.  1975. Fc receptors  on  mouse 
placenta and yolk sac cells. Nature  (Lond.).  255:412. 
39.  Fawcett, D. W., G. B. Wislocki,  and C. M. Waldo. 1947. The development of mouse 
ova in the anterior chamber of the eye and in the abdominal cavity. Am. J. Anat. 
81:413. 
40.  Jenkinson,  E.  J.,  W.  D.  Billington,  and J.  Elson.  1976. Detection of receptors for 
immunoglobulins on human placenta by EA rosette formation. Clin. Exp. Immunol. 
23:456. 
41.  King, B. F., and A. C. Enders.  1971. Protein absorption by the guinea pig chorioal- 
lantoic placenta. Am. J. Anat.  130:409. 
42.  Mayersbach, H. 1958. Zur Frage des Proteinfiberganges vonder Mutter zum Foeten. 
I. Befunde an Ratten am Ende der Schwangerschaft. Z. ZeUforsch. Mikrosk. Anat. 
48:479. 
43.  Robertson, T.  A., J.  M.  Archer, J.  M.  Papadimitriou,  and M.  N-I. Walters.  1971. 
Transport of horseradish peroxidase in the murine placenta. J. Pathol.  103:141. 
44.  Sherman,  M.  I.,  and  N.  J.  Chew.  1972. Detection of maternal  esterase  in  mouse 
embryonic tissues. Proc. Natl. Acad.  Sci. U. S. A. 69:2551. 
45.  Tyan, M. L., and L. A. Herzenberg. 1968. Immunoglobulin production by embryonic 
tissues: thymus independent. Proc. Soc. Exp. Biol. Med.  128:952. 
46.  Weinberg, S. R.,  and F.  Stohlman. 1976. Growth of mouse yolk sac cells cultured in 
vitro. Br. J. Haematol. 32:543. 
47.  Sobotta,  J.  1911. Die  Entwicklung des  Eies  der  Maus  vom ersten  Auftreten  des 
Mesoderms  an  bis  zur Ausbildung der  Embryonalanlage und dem  Auftreten  der 
Allantois. I. Teil:  die Keimblase. Archiv. Mikrosk. Anat.  78:271. 
48.  Artzt, K.,  and F.  Jacob.  1974. Absence of serologically detectable H-2 on primitive 
teratocarcinoma cells in culture. Transplantation  (Baltimore).  17:632. O.  BERNARD~  M-A.  RIPOCHE~  AND  D.  BENNETT  75 
49.  Morisada, M., H. Yamaguchi, and R. Iizuka. 1976. Immunobiological function of the 
syncytiotrophoblast: a new theory. Am. J. Obstet.  Gynecol.  125:3. 
50.  HellstrSm, K. E., I. HellstrSm, and J. Brawn. 1969. Abrogation of cellular immunity 
to antigenically foreign mouse embryonic cells by a  serum factor. Nature  (Lond.). 
244:914. 
51.  Jenkinson,  E.  J.,  and  W.  D.  Billington.  1974. Differential  susceptibility of mouse 
trophoblast and embryonic tissue to immune cell lysis. Transplantation (Baltimore). 
18:286. 
52.  Searle, R. F., E. J. Jenkinson, and M. H. Johnson. 1975. Immunogenicity of mouse 
trophoblast and embryonic sac. Nature (Lond.). 255:719. 
53.  Bagshawe, K. D., and S. D. Lawler. 1975. The immunogenicity of the placenta and 
trophoblast. In Immunobiology of Trophoblast. R. G. Edwards, C. W. S. Howe, and 
M. H. Johnson, editors.  Cambridge University Press, London. 171. 
54.  Johnson, M. H. 1975. Antigens on the peri-implantation trophoblast. In Immunobiol- 
ogy of Trophoblast.  R.  G.  Edwards,  C.  W.  S.  Howe,  and M.  H.  Johnson, editors. 
Cambridge University Press, London. 87. 
55.  Searle, R. F., M. H. Sellens, J. Elson, E. J. Jenkinson, and W. D. Billington.  1976. 
Detection of alloantigens during preimplantation development and early trophoblast 
differentiation in the mouse by immunoperoxidase labeling. J. Exp. Med. 143:348. 
56.  Muggleton-Harris, A. L., and M.  H. Johnson. 1976. The nature and distribution of 
serologically detectable alloantigens on the preimplantation mouse embryo. J. Em- 
bryol. Exp. Morphol.  35:59. 
57.  Carter, J. 1976. Expression of maternal and paternal antigens on trophoblast. Nature 
(Lond.). 262:292. 
58.  Beer, A. E., R. E. Billingham, and S. L. Yang. 1972. Further evidence concerning the 
autoantigenic status of the trophoblast. J. Exp. Med.  135:1177. 
59.  Chang, C.  H., and D. Angellis.  1976. Identification of a butanol-extractable human 
placenta-specific antigen with alkaline phosphatase activity. J. Immunol. 117:91. 
60.  Taylor,  P.  V.,  and K.  W.  Hancock.  1975. Antigenicity of trophoblast and possible 
antigen-masking effects during pregnancy. Immunology. 28:973. 
61.  Baldwin, R.  W., and R. A. Robins.  1975. Humoral factors abrogating cell-mediated 
immunity in the tumor-bearing host. Curr. Top. Microbiol. Immunol. 72:21. 
62.  Allison,  A.  C.  1975. In discussion of Munro,  A.  J.:  antigenic topography and the 
interaction  of antibodies  and  cells  with  surface  antigens.  In  Immunobiology of 
Trophoblast. R. G. Edwards, C. W. S. Howe, and M. H. Johnson, editors. Cambridge 
University Press,  London. 16. 
63.  Spiegelman, M.,  D. Bennett, and K. Artzt. 1976. Embryological study of a Tit locus 
mutation (t  w73) affecting trophectoderm development. J. Embryol. Exp. Morphol. In 
press 